Purpose The treatment of choice for a displaced femoral neck fracture in the most elderly patients is a cemented hemiarthroplasty (HA). The optimal design, unipolar or bipolar head, remains unclear. The possible advantages of a bipolar HA are a better range of motion and less acetabular wear.
Introduction
Contemporary evidence from randomised controlled trials (RCTs) is now compelling that the treatment of choice for a displaced fracture of the femoral neck in an elderly patient is an arthroplasty [1] [2] [3] . In the majority of elderly and frail patients a cemented hemiarthroplasty (HA) is the treatment of choice for most surgeons [4] . When using an HA there are two types of articulations of the prosthesis and the patient's acetabulum-unipolar or bipolar. Where the unipolar head has a single articulation between the prosthesis and the acetabulum, the bipolar head offers a second articulation between an inner smaller head and the polyethylene liner of the larger outer head. In theory this reduces stress on the acetabular surface and thereby acetabular erosion. Acetabular erosion is believed to cause pain and impaired hip function. Other proposed benefits are less risk for dislocation and better range of motion. Up to year 2008 bipolar HAs were more commonly used, compared to unipolar HAs in Sweden [5] . Since the 2008 annual report from the Swedish hip arthroplasty register, which reported an increased risk for reoperations for bipolar HAs, the trend has been that less bipolar and more unipolar HAs are used [5] . In contrast, data from our own institution on 830 Exeter HAs displayed no difference in reoperation rate between unipolar or bipolar HAs [6] . In a previous one-year follow-up of an RCT from our department including 120 patients randomised to uni-or bipolar HA, the bipolar group had superior results with less acetabular erosion compared to the unipolar group after 12 months [7] . This study is a fouryear follow-up of these patients to evaluate the progress of acetabular erosion, health related quality of life (HRQoL) and hip function.
Patients and methods
This study was conducted at the Department of Orthopaedics, Stockholm South Hospital (Södersjukhuset) in Stockholm. From August 2005 to October 2008, 120 patients (91 females), mean age 86.1 years (range 79-100) with an acute displaced fracture of the femoral neck due to low-energy trauma were enrolled in the study. Fractures were classified as Garden III or IV [8] . Inclusion criteria were age 80 or older, independent living conditions, independent walking ability with or without walking aids and absence of severe cognitive dysfunction. Absence of severe cognitive dysfunction was defined as a score of 3 or more in the short portable mental status questionnaire (SPMSQ) [9] . Patients with rheumatoid arthritis, osteoarthritis in the same hip, history of mental illness, drug or alcohol abuse, pathological fractures and fractures older than 48 hours on admission were not included. After being cleared for surgery with an arthroplasty by the attending anaesthetist the patients were randomised (opaque sealed envelopes, independently prepared) to a hemiarthroplasty with either a unipolar or a bipolar head. Baseline data are presented in Table 1 .
Surgical procedures
All operations were performed by experienced orthopaedic surgeons (n =16) and spinal anaesthesia was the standard procedure. A modified Hardinge approach [10] with the patient in the lateral decubitus position was used in all cases. The implant used was a cemented Exeter stem (Stryker Howmedica, Kalamazoo, MI, USA) with either a unipolar head (Unipolar head, Stryker Howmedica, Kalamazoo, MI, USA) or a bipolar head (UHR, Stryker Howmedica, Kalamazoo, MI, USA). The same cement (Refobacin G, Biomet, Warsaw, IN, USA) and standard cementing technique was used for both procedures. The diameter of the inner head of the bipolar head was 28 mm in all cases. All patients were given three doses of intravenous Cloxacillin 2 g as antibiotic prophylactics and low molecularweight heparin was given as thromboembolic prophylactics for ten-14 days. Postoperatively patients were mobilised the day after surgery and allowed weight bearing as tolerated.
Follow-up and assessments
After informed consent to participate in the study the primary assessment was made by a research nurse according to the recall principle: estimation of living conditions, walking ability, activity of daily living (ADL) according to Katz [11] and HRQoL during the last week prior to the trauma.
The postoperative follow-ups were performed at four, 12, 24 and 48 months after surgery and included both clinical and radiological assessments. The clinical evaluation included history of any adverse events or hip complications, hip function and HRQoL. Hip function was reported using the Harris hip score (HHS) [12] . The HHS contains four parameters: pain, function, absence of deformity and range of motion. Higher score means better hip function and the maximum score is 100. The HRQoL was assessed prior to fracture and at follow-ups with a generic instrument, the health part of EuroQol (EQ-5D index score) [13] . The score is selfreported and goes from 0, which indicates the worst possible health state, to 1 which indicates the best possible health state. If the patient was unable to attend the follow-up, a home visit was offered and carried out. Acetabular erosion was evaluated by a radiologist (GL) and graded according to the method described by Baker [14] . The system is a four-step grading system: grade 0 (no erosion), grade 1 (narrowing of the joint space), grade 2 (acetabular bone erosion) and grade 3 (protrusio acetabuli).
Statistical analysis
A power analysis was used to determine sample size. To detect a five-point difference at the 12 month follow-up in the HHS we estimated a sample size of 120 patients. The estimation was made with 90 % power at a 95 % significance level. The Mann-Whitney U-test was used for scale variables and ordinal variables in independent groups. Nominal variables were tested by the chi-square test or Fisher's exact test. All tests were two-sided. The results were considered significant at a pvalue of <0.05. The statistical software used was IBM SPSS 20 for Windows and Sample Power 2.0 for Windows (SPSS, Chicago, Il, USA).
Ethical approval
The study was conducted according to the Helsinki declaration and approved by the local ethics committee. Fig. 1 . The bipolar heads were only available in dimensions from 44 mm to 72 mm and the unipolar heads in dimensions of 41 mm to 56 mm. Two patients randomised to bipolar HA had an acetabulum smaller than 44 mm and were therefore given a unipolar HA but analysed in the bipolar group according to the intention to treat principle.
Results

A flow chart for all patients included is displayed in
Surgical outcome
A total of 11 patients were revised due to fracture-related complications giving a total reoperation rate of 9.2 %. There was no significant difference in the reoperation rate between (63) 8 (13) 14 (23) 46 (77) 7 (12) 7 ( 29 (48) 27 (45) 2 (3) 0 (0) 30 (50) 29 (48) 1 (2) Included patients n=120 the unipolar (5 %, 3/60) and the bipolar (13 %, 8/60) groups (p =0.2). The most common reason for a reoperation was a suspected deep infection (n =4), a periprosthetic fracture (n =4) followed by a prosthetic dislocation (n =3). The complications resulting in a reoperation occurred within the first two months after surgery in ten of the patients, and after 15 months in one patient (a periprosthetic fracture). All four patients reoperated due to a suspected deep infection were treated with antibiotics plus open debridements (one to seven times), and tissues were collected for bacterial cultures, from which bacterial growth could be verified in three patients. Of the patients with a suspected deep infection three patients healed uneventfully, but in one patient the infection was persistent and the prosthesis was therefore removed before healing could be obtained. Out of the four patients sustaining a periprosthetic fracture, three patients were revised with revision of the stem to a long cemented Exeter stem and one patient was reoperated with revision of the stem to an uncemented LINK MP stem. All three patients who sustained a prosthetic dislocation were treated by closed reductions (one to three times) and have been stable afterwards ( Table 2) . There was no difference in the mean duration of the surgery; 72 minutes (range 37-109) for the unipolar group and 69 minutes (range 39-126) for the bipolar group (p =0.1). Nor were there any differences in the mean intraoperative blood loss between the unipolar patients, e.g. 290 ml (range 50-1,200) and the bipolar patients, e.g. 240 ml (range 50-600) (p =0.3).
Health-related quality of life and functional outcome
The EQ-5D index score was generally higher among the patients with bipolar hemiarthroplasties at the followups with a significant difference at 48 months (p =0.04) (Fig. 2) .
In the unipolar group the mean (± SD) EQ-5D index score decreased from 0.80 (0.21) (preinjury) to 0.54 (0.29) at four months. After a minor increase to 0.60 (0.
In the bipolar group the mean (±SD) EQ-5D index score was similar as the unipolar group before the injury 0.81 (0.21). It decreased to 0.62 (0.30) at four months, 0.62 (0.30) at 12 months, 0.63 (0.31) at 24 months and at the final 48 months follow-up the score was 0.70 (0.26).
There was no difference in the total Harris hip score, or in the sub scores for pain, function, absence of deformity or range of motion between the groups at any of the follow-ups (Table 3) .
General complications and mortality
There was no statistical difference in the number of general complications between uni-and bipolar patients. In the unipolar group the general complications included pneumonia (n =2), pressure ulcer (n =2), myocardial infarction (n =1) and pulmonary embolism (n =1). In the bipolar group the general complications included pneumonia (n =1), pulmonary embolism (n =1) and deep venous thrombosis (n =1).
The overall mortality at four months was 4.2 % (5/120), at 12 months 16 % (19/120), at 24 months 22 % (26/120) and at 48 months 45 % (54/120). There were no differences in mortality between unipolar and bipolar patients at any time. At 12 months the mortality was higher for males at 35 % (10/29) compared to females at 10 % (9/91) (p =0.003). This was persistent at 24 months when the mortality was 38 % (11/29) for males and 17 % (15/91) for females (p =0.02). At four and 48 months there were no differences in mortality between males and females.
Radiological outcome
There was an increased number of patients in the unipolar group, compared to the bipolar group, with an acetabular erosion at the early follow-ups with a significant difference at 12 months (p =0.03). At the later follow-ups the incidence accelerated in the bipolar group, and there was no significant difference between the groups at the 24-and 48-month followups. The acetabular erosion was grade 1 or grade 2 in all patients except in one patient in the unipolar group who displayed grade 3 erosion at the 24-month follow-up (Table 4) .
Discussion
This randomised controlled trial aimed to compare the HRQoL, functional and radiological outcomes after displaced femoral neck fractures in patients treated with a unipolar or a bipolar hemiarthroplasty. The main finding of the study was the difference in HRQoL in favour of the bipolar patients at 48 months. Fig. 2 Health related quality of life (mean EQ-5D index score) before fracture and at follow-ups. Missing values due to patients who declined; 4 months, n =3; 12 months, n =2; 24 months, n =5; 48 months, n =9. P-values are given for differences between groups To our knowledge, to date there are only six previous RCTs comparing unipolar and bipolar HAs [15] [16] [17] [18] [19] [20] . All studies have their limitations which makes the results difficult to compare.
Health-related quality of life and hip function
In the previously published one-year follow-up of the same cohort of patients there was a tendency for lower EQ-5D index score in the unipolar group [7] , but it was not until the 48-month follow-up when there was a significant difference with better EQ-5D index score among the bipolar patients. The study by Raia et al. is the only previous RCT using a validated HRQoL instrument (SF-36) [20] . They included 115 patients aged 65 years or older with an acute, displaced fracture of the femoral neck. Patients were operated upon with a cemented modular stem with either a bipolar (55 patients) or a unipolar (60 patients) head. Exclusion criteria were similar to our study. Only 78 (68 %) patients completed the one-year followup. They reported no difference in HRQoL, which accords with our study. Further comparisons of the results are not possible due to their short follow-up time (12 months).
In theory the bipolar prosthesis design with an additional inner articulation can entail a better range of motion and better functional outcome. However, we did not find any significant differences in the HHS total score, or in the HHS sub scores for pain, function, absence of deformity or range of motion between the groups at any time. These HHS results are in line with Davison et al. who performed a three-armed RCT with 93 patients in the internal fixation group, 90 patients in the unipolar group and 97 patients in the bipolar group [17] . The implants used were the now outdated cemented monobloc Thompson and Monk prostheses. The patients were annually reviewed for five years and the total amount of patients lost to follow-up after five years was 58 %. They reported no difference in HHS between the groups, but unfortunately the article does not state how many patients in each group were actually reviewed. Their total HHS scores were generally lower at every follow-up compared to our patients, which might be explained by the use of a now outdated prosthetic design. Calder et al. followed 118 patients with Monk prosthesis and 132 patients with Thompson prosthesis for two years [15] . At the final followup 67 (57 %) patients who received Monk prosthesis and 74 (56 %) patients with Thompson prosthesis were available. They found no difference between the groups in HHS but the article states no actual score values for comparison. Furthermore, Raia et al. followed their 115 patients with a self-reported musculoskeletal functional assessment instrument (MFA) but could not identify any significant difference at the one-year follow-up [20] . In contrast, Jeffcote et al. reported a significant difference in functional outcome in favour of the bipolar group at three months when comparing Exeter unipolar and bipolar HAs [18] . Of the original 51 patients only 37 (73 %) were available at three-month follow-up. There are no actual score values or p-values available in this article but at one point the authors state the WOMAC score to differ significantly in favour of the bipolar group at the threemonth follow-up, and at another point the article states the HHS to differ significantly in favour of the bipolar group at the three-month follow-up. After three months there was no further significant differences in functional outcomes. [21] . Comparisons in the 2010 Cochrane report on arthroplasties for the treatment of displaced femoral neck fractures shows a decreased risk ratio for acetabular erosion in favour of bipolar HAs when compared to unipolar HAs [22] . Recently published RSA data on 18 patients from Australia displayed a significant reduction of acetabular erosion in the bipolar group compared to the unipolar group at 24-months follow-up [18] . Furthermore, after a mean followup of nine years, Avery et al. reported a rate of acetabular erosion of 100 % in the unipolar HA group, though only 13 of the original 41 patients were available for follow-up [23] . Of their 13 patients three (23 %) had enough symptoms due to acetabular erosion to justify revision surgery. In our study the unipolar HA group displayed an initial high rate of acetabular erosion (16 % after four months) but there was no further deterioration over time. In the bipolar group the acetabular erosion was significantly less at 12 months, but the rate of acetabular erosion then increased and at the later follow-ups there were no differences between the groups. This supports the previously reported finding that the bipolar articulation ceases to work after some time and thereby turns the bipolar prosthesis into a unipolar system [24] [25] [26] [27] . Even if the HRQoL was better in the bipolar group at the last follow-up we found no correlation between presence of acetabular erosion and impairment in EQ-5D index score or HHS pain score at any of the follow-ups. None of our patients with acetabular erosion had enough symptoms to justify a reoperation, and in accordance with other authors [28] as well as data from the Swedish hip arthroplasty register [5] we believe acetabular erosion to play a minor role in the outcome after HA due to the low functional demands in this patient population.
Surgical outcome
We found no difference in reoperation rates between uni-and bipolar patients. This is in line with a previous study from our institution on 830 Exeter HA patients with a median follow-up time of three years, where no difference in reoperation rate between unipolar and bipolar HAs could be found [6] . In contrast Leonardsson et al. reported significantly higher risk for reoperation in bipolar HAs compared to unipolar ones in patients from the Swedish hip arthroplasty register including all HAs performed in Sweden between 2005 and 2010 [21] . However, there have been indications in earlier annual reports from the Swedish hip arthroplasty register that the risk for reoperation differs between different stem designs, and at first hand, other stems than the stem used in this study (the Exeter stem) might display a difference in reoperation rate between uni-and bipolar heads [5] . Leonardsson et al. like us, found that dislocations, periprosthetic fractures and infections were the most common reasons for reoperations [21] .
Strengths and limitations
The major strength of this study is that it is a long-term followup of a prospective randomised controlled trial. Furthermore, the use of a modern cemented and modular stem in both groups, the follow-up with a validated HRQoL instrument and the relatively long follow-up time of 48 months with both functional and radiological assessments are other strengths. A limitation is that we did not use a blinded observer for the functional follow-up. Although widely spread, the HHS might be debatable because of the suggested ceiling effect of this score [29] .
Conclusions
The bipolar HAs seems to result in better health-related quality of life beyond the first two years after surgery compared to unipolar HAs. Bipolar HAs displays a later onset of acetabular erosion compared to unipolar HAs.
